We study whether the retirement replacement rate influences households' saving behavior by using the RAND Health and Retirement Study data file. We estimate quantile regressions with the ratio of wealth to permanent income as dependent variable, and age dummies and the retirement replacement rate as main independent variables. Our paper is the first to explicitly link retirement replacement rates to age-wealth profiles. We are unable to conclude that the amount of financial wealth that households have accumulated around the age of 65, relative to permanent income, is decreasing in the replacement rate. However, the age-wealth profile of households in the highest quartile of the replacement rate-distribution is very flat. Finally, households hardly decumulate wealth after retirement and some groups even keep saving after retirement.
Introduction
Several studies (Mitchell and Moore, 1998; Wolff, 2002; Skinner, 2007) claim that U.S. households are not saving enough for retirement. Madrian and Shea (2001) show that behavioral explanations might be at the root of so-called "default" behavior with respect to saving for retirement, which could lead to the inadequacy of retirement savings. However, other studies (Engen et al., 1999; Scholz et al., 2006) suggest that the problem is less severe. In light of these issues it is useful to examine the saving response of households to differences in the generosity of their pension schemes.
A simple version of the life cycle model (Modigliani and Brumberg, 1954; Friedman, 1957) implies that, if income follows a hump-shaped profile over the life cycle, households will save when they are young and dissave when they are old. The larger the gap between income before and after retirement, the more households need to save in order to maintain a reasonable standard of living when retired. The retirement replacement rate 1 provides a measure of this gap; it is the ratio between income after retirement and income before retirement.
There is a large amount of studies about the displacement effect of pensions on nonpension wealth. Among them are the seminal contributions by Feldstein (1974 Feldstein ( , 1996 and Gale (1998) . The main question in this literature is whether pension wealth crowds out nonpension wealth. Estimates of this displacement effect range from close to zero (no crowding out) to close to minus one (full crowding out).
Related to this, we study whether the replacement rate affects households' saving behavior, and in particular whether age-wealth profiles are affected by the replace-ment rate of households. So, unlike the displacement literature, we do not use pension wealth but replacement rates. One of the main differences between the displacement literature and our approach is that we follow households over time, whereas most studies that estimate the displacement effect rely on cross-sectional household data.
Although some recent papers (see, for example, Engelhardt and Kumar (2011)) use administrative data to calculate pension wealth, most papers in the displacement literature use survey data. To calculate pension wealth from survey data requires many assumptions. To calculate replacement rates we only need to observe income before retirement, and income after retirement. The drawback, on the other hand, of our approach is that we are not able to accurately calculate a displacement effect between -1 and 1. Nonetheless, we are able to test the most important implications of the life cycle model.
Somewhat related to the subject of our study is the work by Bernheim et al. (2001) , who are unable to find an effect of differences in replacement rates on wealth accumulation, although they do not use direct wealth data but instead derive it from income and consumption data. They argue that saving behavior of households is more consistent with "rule of thumb", "mental accounting", or hyperbolic discounting theories of wealth accumulation (see, for example, Laibson (1997) ), than with the life cycle model 2 . As there have been many adaptations, extensions, and alternatives proposed to the life cycle model (for an overview, see Attanasio and Weber (2010) ), it is interesting to study whether this particular implication of the model holds up in the raw data. Hurd et al. (2012) construct replacement rates by education level and marital status for groups of households in several OECD countries and use these to estimate the effect of the generosity of public pensions on saving rates. Note that they do not calculate replacement rates for individual households and only consider public pensions. Our primary innovation is to calculate replacement rates for public and private pensions of individual households from the Health and Retirement Study (HRS) cohort of the RAND HRS data file, and use these to test the effect of the replacement rate on households' saving behavior. We exploit the panel structure of the data to observe labor income as well as pension income for a group of households, which allows us to calculate (before-tax) replacement rates.
The replacement rate suffers from the same endogeneity problems as pension wealth (see, for example, Engelhardt and Kumar (2011)). Most notably, measurement error and unobserved heterogeneity in household saving behavior might cause correlation between the replacement rate and the error term in a regression of wealth on the replacement rate. Also, the level of nonpension wealth could influence the replacement rate if the timing of retirement depends on the amount of wealth accumulated, in which case correlation between the replacement rate and the error term is caused by simultaneity.
To overcome the endogeneity problem we use an instrumental variables approach.
In addition, as the distribution of wealth is heavily skewed to the right and influential outliers might be present, we estimate quantile regressions. To combine an instrumental variables approach with quantile regressions we use the Instrumental Variable Quantile Regressions (IVQR) estimator, proposed by Chernozhukov and Hansen (2008) . This estimator has been used before by, among others, Engelhardt and Kumar (2011) and Alessie et al. (2011) . In addition, we split our sample in four subsamples, defined by the four quartiles of the replacement rate distribution, to investigate whether there are differences in age-wealth profiles between groups with different replacement rates.
We construct an instrument for the replacement rate based on the census region of the household, and the employment sector in which the particular household head has had his or her job with longest job tenure. For example, for a household from census region Midwest, where the household head worked for most of his or her career in the public sector, the value of the instrument is the average replacement rate for households from the Midwest who worked in the public sector. As long as workers do not sort across sectors or move to another census region in response to differences in replacement rates, an assumption which is quite common (Attanasio and Brugiavini, 2003; Engelhardt and Kumar, 2011) , our instrument exploits exogenous variation in the replacement rate.
To examine the effects of the replacement rate on saving behavior we estimate a regression model with the ratio of wealth to permanent income as dependent variable, and age dummies and the replacement rate as main independent variables.
Our hypothesis is that the lower their replacement rate the more households will save for retirement, relative to permanent income. In addition, households with a relatively low replacement rate will dissave more after retirement. In other words, the lower the replacement rate the steeper the age-wealth profile of households. We assume that households have full certainty about their replacement rate at the time of making saving decisions, as they are at most 15 years from retirement 3 . Note that this hypothesis is in line with the life cycle model as well as with mental accounting models.
We have three main findings. First, based on IV regressions we are unable to conclude that the amount of financial wealth that households have accumulated around the age of 65, relative to permanent income, is decreasing in the replacement rate. Second, the age-wealth profile of households in the highest quartile of the replacement rate-distribution is very flat. Their saving rate is very low and constant over the lifecycle. Finally, households hardly decumulate wealth after retirement and some groups even keep saving after retirement.
The remainder of this paper is organized as follows. Section 2 describes the data that we use. Section 3 discusses our method of identification and presents the empirical model. Section 4 presents results, and finally, Section 5 concludes.
3 The HRS cohort consists of households with at least one person in the household born between 1931 and 1941, who is between 51 and 79 years old during the sample period.
Data
In this section we describe the data that we use. First, we discuss the replacement rate. Second, we present the other variables that we use in our analysis. We use the RAND HRS data file, which contains cleaned and processed variables, modelbased imputations, and spousal counterparts of most individual-level variables. The RAND HRS data file is derived from the HRS, a longitudinal household survey data set for the study of health and retirement of the elderly in the United States. We use all ten waves (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) of the RAND HRS data file. The data file contains data on demographics and family structure, health, income, social security and pensions, wealth, and employment history. Almost all variables are defined at the level of the individual. The only exception are the wealth variables, which are defined at the level of the household. As it is impossible to assign wealth to individual household members, the household will be our unit of analysis throughout this whole study. Furthermore, because we drop all self-employed business equity is irrelevant in our analysis.
All wealth measures are net wealth measures, so the level of debt is subtracted from gross wealth. Median net financial wealth in the sample is around $34,000 (constant 1992 dollars), and median net total wealth is around $100,000.
-table 2 hereFor both wealth measures the mean is much higher than the median, even after normalizing by permanent income, and the distance between the third quartile and the median is much larger than the distance between the first quartile and the median. This implies that the wealth distribution is right skewed. All household heads in our sample are, by definition, between 51 and 79 years old, although the number of households in the upper part of the age distribution is a bit lower than would be expected. The average and median age of all households is 64 years old.
Median total income
4 is around $28,000, and median permanent income is around $33,000. All income measures, before and after retirement, are before-tax.
We determine permanent income by estimating income regressions for four different educational groups, and using the coefficient estimates to predict future household income. We then calculate permanent income as a weighted average of the present values of all past, current, and future incomes, where the discount factors form the weights. A simplification we make is that we set initial wealth (at the age of 20) equal to zero in the calculation. The appendix of Zandberg (2014) 1933, 1934, 1935, or 1936, cohort 1938 of households born in 1937, 1938, 1939, or 1940 , and cohort 1942 of households born after 1940. Only households from this last cohort clearly have higher levels of wealth than households from the other three cohorts.
-figures 1 and 2 hereLess than half of all households in the sample are couple households. This seems to be much lower than for the overall population between 50 and 80 years old. The most obvious explanation is that it is easier to calculate a replacement rate for single households; we just dropped a larger fraction of couple households from the sample, as we were not able to calculate a replacement rate for them (see Zandberg (2014) for details).
Identification and Empirical Model
Our econometric specification to test the effect of the replacement rate on wealth holdings is as follows:
where W ht is net wealth of household h in year t, Y P is permanent income, γ 0 is a constant, γ a captures the age effect, γ t captures the time effect, RR h is the replacement rate of household h, and X is a vector of control variables, consisting of education dummies, a dummy for couple households, sector dummies, and region dummies. Finally, ϵ ht is an error term, where we allow for intra-household correlation, so all standard errors that we calculate are clustered at the level of the household.
In a life cycle model with quadratic utility, all productivity-related cohort effects are captured in the dependent variable, through their effect on permanent income (see e.g. Kapteyn et al. (2005) ). However, the above specification does not control for other causes of cohort differences in wealth. For example, generations raised during the Great Depression might be thriftier than other generations, and therefore have higher levels of wealth. As the coefficients of a model with age-, time-, and cohort dummies are unidentified, we choose to only include age-and time dummies in the main specification.
There are three sources of endogeneity in equation 1. First, unobservable tastes for saving might influence both the replacement rate and the level of wealth. This is an example of omitted variable bias. Second, Coile and Gruber (2007) find that retirement decisions are sensitive to the level of retirement wealth already accrued.
Thus, the level of wealth could affect the timing of retirement, which in turn determines the replacement rate. In that case, correlation between the error term and the replacement rate is caused by simultaneity. Finally, pension income as well as earnings are most likely measured with error. The replacement rate is obtained by taking the ratio of these two variables, so the replacement rate will suffer from measurement error.
If thrifty individuals choose jobs based on generous pension arrangements, the effect of the replacement rate on wealth levels would be biased upwards. On the other hand, if wealthy individuals decide to retire earlier, because they can afford so, the effect would be biased downwards. In the displacement literature, measurement error causes a negative correlation between the wealth/permanent income ratio and pension wealth, the main independent variable, because measurement error in pension wealth and permanent income are positively related. In our model, however, the replacement rate is a ratio of two variables that together determine permanent income. We thus believe that the correlation between measurement error in permanent income and measurement error in our main independent variable is not as problematic as in the displacement literature. However, general measurement error in the replacement rate might cause attenuation bias, which would drive the coefficient estimate towards zero.
In order to overcome the endogeneity problem we use an instrument for the replacement rate. We construct this instrument from the data itself. By calculating median replacement rates over census regions and job sectors, we are able to assign a so-called "potential replacement rate" to each household, which can be used as an instrument for the replacement rate. As long as workers do not sort across employment sectors and do not move to a different census region in search of jobs with more generous pension arrangements, the instrument is exogenous. Note that these assumptions are also made by, among others, Attanasio and Brugiavini (2003) and Engelhardt and Kumar (2011) .
The first source of variation in our instrument is thus the census region a household is living. This effect runs through the timing of retirement. Munnell et al. (2008) show that there are considerable differences in labor participation rates of men aged 55-64 across states and census regions. Especially in the regions East South Central and South Atlantic the labor participation rate of older men is low, compared to the rest of the country. In the regions West North Central, and New
England, on the other hand, the labor participation rate of this group of men is significantly higher than in the rest of the country. Also, Coile and Gruber (2007) report that early retirement is significantly more prevalent in the Pacific region, and significantly less in New England, compared to the other regions of the country. Early retirement will, ceteris paribus, decrease the replacement rate, as workers simply have had less time to accumulate pension savings. Also, Social Security benefits are lower when they are claimed before the official retirement age. Munnell et al. (2008) show that, after controlling for individual worker characteristics, state-or region-specific labor market conditions are important in determining these differences in labor participation rates of individuals around retirement.
The second source of variation is the sector where the household head has had his or her job with longest reported tenure. We divide the economy in four sectors: the primary sector, the secondary sector, the tertiary sector, and the public sector. The generosity of pension schemes differs widely among sectors. For example, it is well known that pension arrangements in the public sector are generally very good compared to the private sector. Although the replacement rate of Social Security (first pillar) is mainly determined by the level of pre-retirement income (it is decreasing in earnings), the extent to which employer-provided pension plans (second pillar, together with 401(k)) meet the need of a reasonable standard of living after retirement depends, among other things, on the sector in which the worker is employed.
The variation in our instrument will thus be independent of individual characteristics that cause the endogeneity of the replacement rate. An alternative to quantile regression would be to take the log of wealth, as wealth is more or less lognormally distributed. However, around 11% of observations concern non-positive wealth levels, so they would be lost after a logarithmic transformation of the data. It is hard to maintain that this is a random part of the wealth distribution. The sample would become biased towards households with positive wealth holdings. Furthermore, quantile regression is more robust against influential outliers (Koenker, 2005) .
Results
We show results in this section. First, we present findings of estimating the baseline model. Second, we split our sample into four groups based on the distribution of the replacement rate, and estimate an age-wealth profile for each of the four groups separately. Finally, we perform robustness checks. income ratio of about 0.016. The interpretation is that the difference in average lifetime wealth would be $640 between two households with a permanent income of $40,000 that are equal to each other in all other respects, except that the household with the higher level of wealth has a 10% lower replacement rate.
Baseline Specification
Using the IVQR estimator, we find an insignificant estimate of log RR F P of -0.065. Apparently, endogeneity leads to a downward bias of the estimate because taking it into account gives an estimate very close to (and insignificant from) zero.
These results suggest that general measurement error can not be the only cause of the endogeneity, because if that would have been the case the QR estimate would have been closer to zero than the IVQR estimate, which is not the case. The coefficient on the instrument in the first stage equals 0.715 and is strongly significant.
Furthermore, the partial F-statistic is 12.6. Note that the life cycle model predicts that the age-wealth profile of households with a high replacement rate lies below the profile of households with a low replacement rate. However, it also predicts that the distance between the two profiles is largest around retirement. We will come back to this in the next subsection.
Using RR O the estimates are -0.120 and -0.052, but the latter estimate is insignificantly different from zero. However, as Engelhardt and Kumar (2011) and Chernozhukov and Hansen (2008) also note, the IVQR estimator is very inefficient.
Although the quantile regression estimates are negative and significant, the IVQR estimates are insignificant, so we cannot conclude that there is a negative correlation between the replacement rate and the financial wealth/permanent income ratio.
Note also that the partial F-statistic of 6.3 indicates a weak instrument problem.
Finally, the education dummies and the couple household dummy have the expected positive signs and are all strongly significant.
-table 4 hereAdding housing wealth to financial wealth gives total wealth. It is interesting to examine whether the results for total wealth are comparable to financial wealth as housing wealth is one of the most illiquid forms of wealth. We therefore think that, in the context of the life cycle model, it is appropriate to treat it in a different manner from other forms of wealth.
The results of the regressions for total wealth are in 
Age-Wealth Profiles
As already noted, if households behave according to the life cycle model the agewealth profile of households with a high replacement rate should lie below the profile of households with a low replacement rate. Furthermore, the distance between the profiles should be at its maximum around retirement. Households with a low replacement rate should save more before retirement, and dissave more after retirement, so their age-wealth profile is expected to be steeper than the profile of households with a high replacement rate.
We divide the sample into four subsamples, based on the distribution of the replacement rate. However, due to the endogeneity of the replacement rate, we cannot simply use the data to define the quartiles. Therefore, we first estimate the first stage and base the quartiles on the distribution of the predicted replacement rate, instead of the actual values of the replacement rate. We then estimate quantile regressions for each of the four subsamples, and examine the resulting age-wealth profiles. The estimation procedure consists thus of two steps:
1. OLS regression of the endogenous variable, the (log) replacement rate, on the exogenous variables and the instrument. Based on the regression estimates, we
calculate fitted values and define the four quartiles of the predicted replacement rate.
2. Quantile regressions for each of the four samples, with the ratio of wealth to permanent income regressed on the exogenous variables. Households with a lower RR F P keep saving after retirement. Possible explanations might be uncertain life expectancies and the risk of out-of-pocket medical expenses for these households (see De Nardi et al. (2009 , 2010 ). In addition, sev-eral studies have documented that households experience a drop in consumption around retirement (e.g., Banks et al. (1998); Bernheim et al. (2001); Haider and Stephens Jr. (2007)). This could also explain why households do not dissave after retirement, namely that they simply do not need to as their pension income is high enough to satisfy their consumption needs.
The age-wealth profiles in figure 4 , where the quartiles of the RR O -distribution are used, are comparable to the ones in figure 3 . Again, in none of the four groups households decumulate wealth after retirement, while the accumulation of wealth before retirement is decreasing in the replacement rate.
- figures 5 and 6 reveal. If there is any wealth decumulation at all, it is in the lowest quartiles of the replacement rate distribution. Furthermore, also total wealth is decreasing in the replacement rate.
-figures 5 and 6 here-
Robustness Checks
To check the influence of accounting for the endogeneity of the replacement rate on our findings, we perform a robustness check. Instead of dividing the sample in four parts based on the distribution of the fitted values of a regression with the replacement rate as left-hand side variable, we divide the sample in four parts based on the actual distribution of the replacement rate. We thus treat the replacement rate as an exogenous variable. Tables 8 and 9 present the regression results for the four groups, and figures 7-10 show the age-wealth profiles that these regression results imply.
The main difference with the baseline results is that when we divide the sample on the basis of actual replacement rates, households in the lowest two quartiles of the RR F P distribution seem to decumulate wealth after retirement, while these groups keep accumulating wealth in the baseline model. Of course, the nature of the robustness check implies that the composition of these groups differs. However, in general we observe the same patterns as in figures 3-6: Wealth accumulation is decreasing in the replacement rate and there is hardly decumulation of wealth after retirement.
-tables 8 and 9 here--figures 7-10 here-
Conclusions
The finding that large groups of households keep saving after retirement is already well-documented in the literature (see, among others, Alessie et al. (1997); Banks and Rohwedder (2003) ). We confirm this finding. However, we do not find support for the hypothesis that the amount of financial wealth is decreasing in the retirement replacement rate. So, we are unable to claim a causal effect of the replacement rate on the amount of accumulated wealth. Whether this effect is simply not there or the IVQR estimator is too inefficient remains an open question. Finally, the age-wealth profile of households in the highest quartile of the replacement rate-distribution is very flat, which is in line with the predictions of the life cycle model.
One of the limitations of our study is that we do not have access to information about the state where households are living. Using this information would make the instrument stronger, as the variation in replacement rates is much larger between states than between census regions. Furthermore, data on the complete income history of households would allow us to improve the caluculation of permanent income and the replacement rate. An interesting avenue for future research would
be to examine what the main determinants are of differences in replacement rates.
Also, the issues around the calculation of replacement rates deserve some more attention. Figure 2: Median total wealth/permanent income across age and cohorts
